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INTRODUCTION

The quality of prefiltered feed water delivered to the
membranes of an RO (reverse-osmosis). membrane-
type desalting plant largely determines membrane
performance and longevity. Feed-water quality can
be monitored bya parameter called PF (plugging fac-
tor). PF indicates quantity of particulate matter
present in feed water. In the early 1970's, a manual
PF test was developed for the Government by
Millipore1 and du Pont.2 Since then, this PF test has
been accepted throughout the desalting industry as
the criterion for determining the fouling tendency of
membrane feed water. Membrane manufacturers
use PF as a criterion of desalting unit feed water
quality. In a plant or large test facility like the YDTF
(Yuma Desalting Test Facility) Yuma. Arizona. or in
the Department of the Interior OWRT (Office of
Water Research and Technology) RO test facilities.
each manual determination of PF required a consid-
erable amount of operator time. To reduce workload.
OWRT contracted with private industry to develop
a continuous automatic system called the CPFM
(continuous plugging factor monitor). The operation
of a prototype unit was evaluated at YDTF in 1978.
Operation of this CPFM unit was partially automatic.
Each measurement required the attention of a tech-
nician to start up this unit and to calculate each PF
from the data printed on a tape. The CPFM units
were not completely automatic and lacked the
necessary reliability and repeatability.

Figure 1.-Front panel of the specific. dedicated PFM-EC unit.

Photo 8031 7

PFM-EC FUNCTION SPECIFICATIONS

Functional and hardware specifications for PFM-EC
(plugging factor monitor-electronic controller) are
described in this report. A PFM-EC console devel-
oped by government research engineers is described
elsewhere [ 1 ]. A commercial Accurex Autodate4
1 D/fifty process controller. or an equal of the
microprocessor-based controller. can be substituted.

In February 1979, a research project was imple-
mented at the Bureau's E& R (Engineering and
Research) Center to design, fabricate, and demon-
strate a totally automated PFM (plugging factor mon-
itor) with required reliability, repeatability, and
accuracy. The new monitor included an electronic
controller, mechanical water sample selector, and
mechanical test units. Operation of this new proto-
type PFM was evaluated at YDTF during 1980,
which led to addition of electronic and mechanical
improvements at the E&R Center. Operation of two
final design PFM models were evaluated concomi-
tantly during 1981 at the YDTF and E&R Center.
The PFM assembly includes an EC (electronic con-
troller) (fig. 1 ), an SPSBP (sample point selector
booster pump) (figs. 2, 3), and a T (tester) (figs. 4, 5,
6). Figure 1 shows a microprocessor-based control-
ler developed and fabricated by Bureau engineers.
The controller is described in another report [ 1 ].3

The PFM-EC electronically drives the PFM- T (plug-
ging factor monitor-tester) to obtain the necessary
data for calculating a plugging factor for a sample
of water. Water samples can be taken from any six
sources which can be selected at the SPSBP .

The process of making a measurement consists of
the following basic steps:

.Measure " fl." which is the amount of time it

takes to pass a given volume of water through
a specified filter membrane at the regulated
pressure of 207 kPa (30 Ib/in2).

.Continue to pass water through the filter for the
specified cycle time (typically 15 minutes)
while maintaining the same pressure.

.Accurex Corp.. Autodata Division. 485 Clyde Avenue.
Mt. View CA 94042.

1 Millipore Corporation. Wiggins Avenue. Bedford MA 01730.
2 E. I. du Pont de Nemours & Company. Inc.. Glasgow Site.

Wilmington DE 19898.
J Numbers in brackets refer to the bibliography.



Figure 2.-Side view elevation of the PFM-SPSBP unit. Photo 80318

Figure 3.-Feed water inlet plan view of the PFM-SPSBP unit. Photo BO319
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Figure 4.-Front view of the PFM-T unit. Photo 80320

Figure 5.-Rear view of the PFM- T unit. Photo 80321
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Figure 6.-Top view of the PFM-T unit. Photo 80322

modules are provided separate from the PFM-EC.
they shall be 480 mm (19 in) rack mountable and
each SSR shall be a plug module for easy

replacement.

Measure "(;' by the same conditions that "(,'
was measured.

The PF may be calculated then by:
%PF = (1 -('/(2) 100.

Contact outputs.- Two are required (one allocated
and one spare), capable of interrupting 120 Va.c.
at 0.5 ampere. These outputs shall be isolated to
plus or minus 500 V d.c.

PFM-EC has the following electrical requirements

Contact inputs.-Four are required (three allocated

and one spare). These inputs shall be isolated to

plus or minus 500 V d.c.

.Hardware inputs/outputs contacts

.Interface to other computer systems

.Battery backup requirements

.Power requirements and power supplies

.Operator interface

.Magnetic tape storage

Analog outputs.-Eight 4-20-mA outputs required
(six allocated and two spare). These outputs shall
be capable of driving a 300-ohm load at 20 mA
and shall have a linearity of plus or minus 1 per-
cent. Short-circuit protection shall be provided.

Hardware Inputs/Outputs

A description of the system hardware is given {draw.

ing 1292-D-4600).

The following types of 1/0 (inputs/outputs) points
are required: Analog inputs.- Two 4-20-mA current input chan-

nels required (one allocated and one spare) shall
have a maximum input impedence of 250 ohms.Contact outputs.-Fourteen are required (10 allo-

cated and 4 spare), capable of supplying
120 V a.c. at 2.5 amperes. These outputs shall be
solid-state outputs with isolation of at least plus
500 V d.c. (1 20-V a-c power shall be provided by
a source separate from the PFM-EC.) LED (Light-
Emitting Diode) indication of the state of the out-
put shall also be provided. If SSR (solid-state relay)

A summary of the 1/0 point functions is as follows:

Interface to the SPSBP

.Six voltage-supplied contact outputs to drive

the stream select valves

4



Interface to the CFM-T 

. Four voltage-supplied contact outputs 

1. One to divert water from CFM-T to 
drain. 

2. One for the air pressure head. 

3. One to drive the millipore tape feed 
motor. 

4. One to drain the filtrate tank. 

. Three logic level inputs, one each for: 

- high-water-level sensor 
- low-water-level sensor 
- paper fault sensor 

. One analog input from the water-pressure 
transducer 

Interface to other data acquisition equipment 

. Six analog outputs for external monitoring of 
the six plug factor measurements 

Interface to a remote annunciator 

. One voltage-isolated contact output 

Spare l/O points 

. Four voltage-supplied contact outputs 

- One logic level input 
- Two analog current outputs 
- One analog current input 
- One voltage isolated contact output 

Interface to the Other Computer Systems 

The capability to provide an RS232 interface to a 
central computer system for communicating plug 
factor measurements shall be provided. The present 
software will not be required to perform this inter- 
face, but future use of this serial link should be 
possible. 

The ability to monitor and operate the system 
remotely using a standard RS232 compatible termi- 
nal should be provided for future use. 

Battery Backup Requirements 

The PFM-EC shall have nonvolatile memory or solid- 
state battery, backed-up memory for maintaining 

system status throughout a power failure. If a battery 
is provided, the system should be capable of main- 
taining memory for a minimum of 48 hours without 
power. The PFM-EC should be capable of operation 
throughout a power failure without operator action, 
during which modification of the following quantities 
should be maintained by the system: 

. The six plugging factor measurements 

. The current stream being sampled (on power 
up, the PFM-EC should begin sampling at the 
stream which was selected when the power 
failed) 

. The status of the six selected water sample 
points (whether these streams are active or 
inactive) 

. The logger status (on or off) 

. The t, limit 

. The tz limit 

. Plug factor limit 

. Cycle time 

Power Requirement and Power Supplies 

The PFM-EC shall operate on 120 V a.c., and power 
consumption shall not be more than 300 watts. 
Breaker or fuse protection shall be provided. All inter- 
nal power supplies shall have short-circuit and over- 
voltage protection. 

Operator Interface 

The operator interface shall be accomplished with an 
interactive CRT display format (drawing D-4601). 
The screen shall be capable of flashing alarm quanti- 
ties, highlighting status quantities, and providing 
inverse video to indicate the quantities to be 
changed by the operator. Operator input shall be pro- 
vided in such a way as not to interrupt the process 
control system. An alphanumeric printer shall be pro- 
vided which can print a record of all samples and all 
alarms that occur. An audible alarm shall be provided 
for local annunciation of alarms. 

Magnetic Tape Storage 

A cassette tape drive shall be provided for backup 
storage of the source program. The tape will not be 
required for normal operation of the unit but will be 
used only in backup situations if a memory failure 
occurs. 

Environmental Performance and Physical 
Requirements 

The PFM-EC shall be capable of operating in an 
industrial environment without air conditioning avail- 
able. The operating temperature range shall be from 
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0 to 50 “C (1 22 “F) ambient air temperature with 
a humidity range from 0 to 90 percent. 

Time Accuracy 

The PFM-EC must be capable of making the time 
measurements of I, and tZ with an accuracy of plus 
0.1 second. 

Software 

The system software package for the PFM-EC shall 
operate to perform the plugging factor measure- 
ments shown (drawing D-4602) in the functional 
system flow chart. The software must also provide 
the operator interface features indicated (drawing 
D-460 1) in previous paragraphs. The system should 
operate in a loop, taking measurements on selected 
active streams, updating the front panel display, and 
logging measurement records if required. System 
software for the Accurex Autodata 1 O/fifty process 
controller has been formulated and tested. Flow 
charts and listings of that software will be made avail- 
able following award of contract. 

Operation 

An operations manual of the PFM-EC system shall 
be provided, together with operation manuals pro- 
vided by the controller manufacturer. A training 
session for plant personnel shall be provided. The 
operator shall be required only to perform initial set- 
tings of the system. Further operator attention shall 
be required only in case of alarms or paper records 
retrieval. 

Installation and Testing 

The system shall be installed and all hardware inputs 
and outputs shall be tested individually. Procedures 
for performing these tests shall be documented for 
future use by plant maintenance personnel. Calibra- 
tion of the analog input and output quantities shall 
be performed. 

The installation of the PFM-EC shall be performed 
in such a way as to allow plant maintenance person- 
nel to replace the unit by unplugging the various 
interface connections. Disconnection of terminal 
strip lugs shall not be required for unit replacement. 
All plug connections shall be keyed or varied such 
that incorrect installation is not possible. 

Maintenance Documentation and Training 

Methods for individual testing of each interface 
device or input/output port shall be documented for 

use by plant personnel. Easy measurement of system 
power supplies through external jacks shall be pro- 
vided. 

Software maintenance shall be provided such that 
the plant maintenance engineer may be capable of 
tracing program functions. The system should allow 
for breakpoints to any program statement. If pro- 
gram changes are required, the system will allow 
changes to be made at that location. 

A formal training session together with complete 
manuals concerning both hardware and software 
maintenance shall be provided for plant maintenance 
personnel. 

Drawings, Listings, and Flow Sheets 

Hardware drawings, software listings, and software 
flow charts shall be made available for review before 
installation of the first PFM-EC. 

PFM-SPSBP UNIT FUNCTION AND 
HARDWARE SPECIFICATIONS 

The PFM-SPSBP draws continuous flow samples of 
test water from one to six preselected sources, Each 
sample of water is pumped to the PFM-T at a back- 
controlled pressure of 207 kPa for the duration of 
the time required (20 min) to determine the percent 
PF of each sample. 

SPSBP Flow Operation 

The schematic flow diagram for the SPSBP unit is 
shown on drawing 1292-D-4587 whrch Includes the 
following nomenclature. 

The unit operates as follows: 

Before establishing the operation of the SPSBP 
unit under the control of the PFM-EC. the pump 
is deactivated by the following procedure: 

Manually open valve VI to permit the flow of 
water into the manifold through the pump PI 
and to the PFM-T. 

Switch on the pump. 

Continue flow of water through the unit until all 
entrapped air is cleared or until pressure gage 
PI-I reaches a steady state of about 207 kPa 
(30 Ib/ir+). 

Activate automatic water-sample selection with 
the PFM-EC. 
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For example, test water will be diverted from 
position S, by energizing solenoid air valve A 
which, in turn, opens diverter valve A (when 
valve A opens for the first time, close manual 
valve VI and leave closed). 

Water will continue to flow from position S, to 
the PFM-T until the PFM-EC sends a signal to 
deenergize solenoid valve A. (Actually, the 
next position will be energized a few seconds 
before deenergizing position St). 

The PFM-EC will energize another preselected 
position. For example: At sample point S4, 
“solenoid valve” D is energized by the EC and 
releases air from the manifold to open “di- 
verter valve” D. 

Relationship With Total PFM System 

The pump on the SPSBP unit is operated by a 120-V. 
a-c, off-on manual switch. The EC unit is interfaced 
to the SPSBP unit by six wet contact outputs to drive 
stream select valves A, B, C, D, and E. The only con- 
nection between the pump unit and the PFM-T unit 
is by 8-mm i.d. by 3.2-mm-thick (5/l 6- by l/8-in) 
reinforced vinyl tubing. This interconnecting tubing 
will permit the test water to flow from the pump into 
the T unit. 

Electrical Power Requirements 

The only electric power requirement for the opera- 
tion of the SPSBP unit is to provide for plug-in of the 
pump to a 120-V. a-c, 30-ampere outlet circuit. The 
pump unit should be provided with a manual on-off 
switch with reset and a neon indicating light and 
2400 mm (8 ft) of 16/3-type, SO, oil-resistance con- 
ductor with a three-prong plug. Power requirements 
for the six stream select valves are specified in the 
PFM-EC section of this report. 

Compressed Air Requirements 

Plant compressed air should be regulated to provide 
air at 360 to 400 kPa (52 to 58 Ib/ir?) pressure to 
the three-way diverter valves A, B, C, D, E, and F by 
a suitable hose and connections. 

Plumbing Requirements 

Water should be supplied at normal city water 
pressure through an 8-mm i.d. by 3.2-mm-thick 
(5/l 6- by l/8-in) reinforced vinyl tubing to the pump 
decavitation valve V-l. The tube should be secured 
at either end with an SS screw-type hose clamp. 

Environmental Performance 

The PFM-SPSBP unit shall be capable of operating 
in an industrial environment without air conditioning 
available. The operating temperature range shall be 
from 0 to 50 “C (1 22 “F) ambient temperature, 
with a humidity range from 0 to 90 percent. 

Physical Weight and Dimensions 

Unit PFM-SPSBP is about 40 kg (88 lb) and allows 
for protrusion of tubing and wire conductors. It has 
a maximum three-dimensional volume of 610 mm 
width, 814 mm depth, and 4 10 mm height (24- by 
32- by 1 6-in). 

Fabrication and Hardware Specifications 

Components are to be fabricated, purchased, and 
assembled according to the following Bureau 
enclosed drawings for the SPSBP unit: 

Drawing 1292-D-4588, Plan - Front Elevation 
Drawing 1292-D-4589, Right Elevation - Left 

Elevation 
Drawing 1292-D-4590, List of Parts 
Drawing 1292-D-4591, Brackets - Manrfold - 

Detail - Assembly 
Drawing 1292-D-4592, The Legs and Base - 

Supports - Detail 

Plan and Elevation Assembly Drawings 

Drawings 1292-D-4588 and D-4589 show plan, 
front elevation, operational side elevation, and motor 
side elevation of the assembled SPSBP unit. Pur- 
chased components and shop-fabricated 
components are identified by part number. Gener- 
ally, only one of each type of part is numbered. 
Components are identified by parts 101 through 
141. Reference to the four assembly views should 
permit the Contractor to assemble the SPSBP unit. 

Specifications List for Purchased and Fab- 
ricated Components 

Drawing 1292-D-4590 is a specifications list for all 
the part numbers identified on drawings D-4588 and 
D-4589. The part numbers are listed in the first col- 
umn. The number of each part required to complete 
one assembly of the SPSBP unit is listed in the 
second column. All parts are specified in the descrip- 
tion column. Sufficient data are given on each part 
requiring purchase. Other vendor parts can be substi- 
tuted provided all the specifications given in the 



description column are met. Parts requiring shop fab- 
rication are referred to by part numbers and drawing 
numbers. The material of construction is listed in the 
last column. Substitutions should not be made for 
materials of construction. 

Shop-Fabricated Parts 

Drawings 1292-D-4591 and D-4592 are shop fabri- 
cation drawings for parts 103, 1 12, 1 16, 129, 132. 
133, 134, and 135. Under the direction of the proj- 
ect engineer, the original dimensions made by the 
machinist that fabricated the parts for the Govern- 
ment’s prototype SPSBP unit, and the drawings were 
made by an experienced drafting technician; there- 
fore, they can be used directly for this purpose of a 
fabrication shop. 

Operation 

Operation of the EC unit has been specified in the 
PFM-EC section of this report. The EC unit is the 
electronic operator for the SPSBP unit. 

Purchased Components Specifications 

The Contractor shall provide a service manual for the 
purchased components used. The service manual 
should contain copies of the purchase requisitions. 
vendor catalog sheets, parts list, and vendor’s main- 
tenance sheets for each type of purchased item. The 
manual should be subdivided with tabs showing part 
numbers given in drawing 1292-D-4590. 

Spare Parts 

The Contractor shall provide the following spare 
parts as described on drawing 1292-D-4590: 

Part (as shown on 
drawing 1292- 

D-4590) 

Number of spares 
required 

101 6 
102 6 
115 2 
126 2 
131 2 
137 1 
144 2 

In addition, the Contractor shall furnish the following 
parts for part 137, multistage centrifugal pump, 
Eastern model 2F-3D, or equal, as manufactured by 
Eastern Pump Division, LFE Corp., Hamden, Conn. 

Description Number 
required 

Bushing assembly A-l 2688.SMO 3 
Body gasket - Teflon S-l 68 14 6 
Chamber gasket - Teflon A-l 6813 6 
Seal, HD, rotary-tabulation drawing 

A-307307-3-(C) 3 
Seal, stop, C-307029-SMO 3 
Gasket, Teflon B-307034-2 6 
3-l/8-inch impeller, part 

307-947-I-SMO for 2F-34D 2 

PFM-T UNIT FUNCTION AND HARD- 
WARE SPECIFICATIONS 

The PFM-T (plugging factor monitor-tester) umt 
accepts subsequent continuous flow samples of test 
water from the SPSBP unit. Water flow through the 
tester is controlled by the PFM-EC system by divert- 
ing at a pressure of 207 kPa (30 Ib/in2) through a 
membrane filter into a measuring tank and then to 
a waste drain. 

The T Flow Operation 

A schematic flow diagram for the T unit is given 
(drawing D-4587) and it operates as follows: 

1. The water to be sampled flows into the 
tester at slightly higher than 207-kPa pressure 
for the SPSBP unit. 

2. Sample water pressure is held constant at 
207 kPa by the air-pressure-controlled back 
pressure diverter (PBV-1) which relieves over- 
pressure by diverting part of the water flow to 
the drain. 

3. When the main-flow, three-way solenoid 
valve (3WV-1) is not energized, all of the flow 
is diverted to the drain and the tester is in “test- 
off” condition. 

4. At the beginning of each test, the paper 
drive motor (Ml) is energized to advance the 
membrane tape about 40 mm (1.575 in) 
through the open filter heads. [The filter area 
is 345 mm2 (0.535 in2).] 

5. The electric- and air-operated piston 
(SVP-1) is energized to compress the filter 
paper between the filter holder head and base. 
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6. When the three-way solenoid valve 
(3WV-1) is energized (“test-on” condition), the 
flow to the drain is shut off and all flow is 
diverted through the back pressure diverter to 
the filter holder head. 

7. Sample water flows through the filter paper 
and enters the measuring collector tank (TK-I) 
and flows to the drain through the normally 
open test-drain solenoid control valve (2WV-1). 

8. The test starts when the test-drain solenoid 
control valve (2WV-1) is energized, which 
closes the dram and allows the tank to begin 
filling. 

9. Time starts when the liquid level reaches 
the start electrode and stops when it reaches 
the stop electrode and then solenoid valve 
(2WV-1) is deenergized to open. The upper and 
lower electrodes are preset for measuring 
131 mL of water. The first measurement is t,. 

10. With the valve opened, the tank is drained 
and the sample stream of water continues to 
flow through the membrane for 15 minutes into 
the drain. 

11. After 15 minutes, the solenoid valve 
(2WV-1) is again closed, and again the volu- 
metric reading is made to determine fZ. The 
feed valve (3WV-1) is then deenergized and the 
test is over. 

Relationship With the Total PFM System 

The electrical power is supplied to the T unit through 
the EC unit and is interfaced by: 

Four wet contact outputs: 

. One to divert water from CFM-T to drain 
(3WV-1) 

. One for the electric air-powered operator 
(SVP-1 ) 

. One to drive the paper-feed drive motor (M-l) 

. One to drain the filtrate tank (2WV-I) 

Three logic level inputs: 

. One for the high-water-level sensor (stop 
electrode) 

. One for the low-water-level sensor (start 
electrode) 

. One for the paper fault detector 

One analog input from water-pressure transducer. 

The only connection between the pump unit and the 
T unit is by an 8-mm i.d. by 3.2-mm-thick (5/l 6- by 
l/8-in) reinforced vinyl tubing. This Interconnecting 
hose permits the test water to flow from the pump 
into the T unit, The tubrng should be secured at both 
ends by screw-type hose clamps. 

Electrical Power Requirements 

Power requirements for operation of the PFM-T unit 
are specified in the PFM-EC section of this report. 

Compressed Air Requirements 

Compressed air from a O-to 4 14-kPa (60- lb/i+) reg- 
ulator should be connected to supply the air regula- 
tor valve (AR-l), the back-pressure diverter valve 
(PBV-I), and the electric arr-powered operator 
(SVP-1) by a suitable hose and connectrons. 

Environmental Performance and Physical 
Requirements 

The PFM-T unit shall be capable of operating In an 
Industrial environment without air conditioning avarl- 
able. The operating temperature range shall be from 
0 to 50 “C (1 22 “F) ambient temperature wrth a 
humidity range 0 to 90 percent. 

Physical Weight and Dimensions 

Unit PFM-T is 22 kg (48 lb) and allows for protrusion 
of tubing and wire conductors. It has a maxrmum 
three-dimensional volume of 560.mm width, 
560-mm depth, and 660 mm height (22- by 22- by 
2 6-in). 

Fabrication and Hardware Specifications 

Components are to be fabricated, purchased, and 
assembled according to the following Bureau of Rec- 
lamation drawings for the T unit: 

. Drawing 1292-D-4593, Tester, Plan - 
Elevations - Sections 

. Drawing 1292-D-4594, List of Parts 

. Drawing 1292-D-4595, Rest for Air Cylinder - 
Major Base 

. Drawing 1292-D-4596, Assembly- Details, 
Housing and Roll Arm 

. Drawing 1292-D-4597, Details 

. Drawing 1292-D-4598, Details, Pivot, And 
Shields 

. Drawing 1292-D-4599, Assembly- Detarls- 
Sections 
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Plan and Elevation Assembly Drawing 

Drawing 1292-D-4593 shows plan, front elevation, 
and right side elevation of the assembled T unit. Pur- 
chased components and shop-fabrication 
components are identified by a part number. Gener- 
ally, only one of each type of part is numbered. 
Components are identified by parts 1 through 66. 
Reference to drawing 1292-D-4593 should permit 
the Contractor to assemble the T unit. 

Specifications List for Purchased and Fabri- 
cated Components 

Drawing 1292-D-4594 is a specifications list for all 
the part numbers identified on drawing D-4593. The 
part numbers are listed in the first column. The num- 
ber of each part required to complete one assembly 
of the T unit is listed in the second column. All parts 
are specified in the description column. Sufficient 
data are given on each part requiring purchase. 
Other vendor parts can be substituted provided all 
the specifications given in the description column 
are met. Parts requiring shop fabrication are referred 
to by drawing numbers. The material of construction 
is listed in the last column. Substitutions should not 
be made for materials of construction. 

Shop Fabricated Parts 

Drawings 1292-D-4595, D-4596, D-4597, 
D-4598, and D-4599 are shop fabrication drawings 
forparts 1, 2.3.4.5.6, 7.8, 9, 11, 12, 13, 14, 15. 
16, 17. 18, 20, 33, 59, 60, 6 1, 63, and 64. These 
drawings were developed by the machinist that fabri- 
cated the parts for the Government prototype T unit 
and they can be used directly for this purpose by a 
fabrication shop. 

Operation 

Operation of the PFM-EC system has been specified 
in the PFM-EC section of this report. The EC system 
is the electronic operator for the T unit. 

Purchased Components Specifications 

The Contractor will provide a service manual for the [2] Eisenhauer, R. J. and G. C. Goodner. “Develop- 
purchased components used to build each T unit. ment of an Automated Plugging Factor 
The service manual should contain copies of the pur- Monitor,” Report No. REC-ERC-81-l 2, 13 pp., 
chase requisitions, vendor catalog sheets, parts list, Bureau of Reclamation, Denver, Colorado, 
and vendor’s maintenance sheets for each type of December 198 1. 

purchased item. I he manual should be subdivided 
with tabs showing part number given in drawing 
1292-D-4594. 

Spare Parts 

The Contractor shall provide the following spare 
parts as described in drawing 1292-D-4594: 

Part (as shown on 
drawing 1292- 

D-4594) 

10 
21 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
34 
37 
39 
47 
51 
52 
53 
54 
59 
65 
66 

Number of spares 
required 

2 
40 

2 
2 
2 
3 
2 
2 
6 
6 
6 

12 
12 

3 
12 

2 
12 
12 

2 
3 
4 

4 
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Mission of the Bureau of Reclamation 

The Bureau of Reclamation of the U.S. Department of the Interior is 
responsible for the development and conservation of the Nation’s 
water resources in the Western United States. 

The Bureau’s original purpose “to prorrde for the reclamation of arid 
and semiarid lands in the West” today covers a wide range of interre- 
lated functions. These include providing municipal and industrial water 
supplies; h ydroelec tric power generation; irrigation water for agricul- 
ture; water quality improvement; flood control; river navigation; river 
regulation and control; fish and wildlife enhancement; outdoor recrea- 
tion; and research on water-related design, construction, materials, 
atmoqheric management, and wind and solar power. 

Bureau programs most frequently are the result of close cooperation 
with the U.S. Congress, other Federal agencies, States, local govern- 
men ts, academic institutions, water-user organizations, and other 
concerned groups. 

” It describes some of the technical publications currently 

obtained upon request from the Bureau of Reclamation, Attn D-922, 


